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BRI EREARERIC R DR FDORIERIT

Numerical Analysis of Blast Furnace by Discrete Element Type Model

2 & OB
NATSUI Shungo

Abstract  Ironmaking process is currently focused on the decreased reducing agent operation of
a blast furnace in order to decrease CO2 emissions. Because the coke ratio is reduced in this
operation, causing a huge pressure drop, it has become increasingly important to understand the in-
furnace phenomena using the non-empirical method. The discrete element method (DEM), Euler-
Lagrange coupling method (DEM-CFD), and fully-Lagrangian method (e.g. SPH, MPS) simulation
were carried out to analyze the momentum, heat and mass transfer between the fluid and the
particles in a packed bed. These developed numerical methods are using discrete element type
model, which can track the movement of the solid or the fluid phase directly. The optimum bed
structure for decreased reducing agent operation can be clarified by application of these methods.
Moreover, three-dimensional information for understanding in-furnace local flow structure can be
also obtained with high spatial resolution. This paper explains the outline of the latest numerical
model of blast furnace.

Keywords: Blast furnace, Discrete element method, Euler-Lagrange coupling, Packed bed,
Trickle flow
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Fig. 1 Schematic diagram of multi-phase flow in
ironmaking blast furnace.
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Fig. 2 Schematic diagrams of fixed volume element
through which a fluid is flowing in packed bed.
Particle-particle interaction force is calculated
by the spring-dashpot system.
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Fig. 3 Calculated burden layers formation by DEM. a)
burden distribution, red particle shows ore and
gray particle shows coke, b) particles velocity
distribution, ¢) normal stress distribution. [18]
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Fig. 4 Results of the Euler-Lagrange coupled blast
furnace model. a) burden distribution, b) gas
velocity vectors, ) gas temperature
distribution, d) CO volume fraction
distribution [18].

a) layer-by-layer structure b) coke-ore mixed structure

relative reduction degree —

Fig. 5 Reduction degree distribution in vertical cross
section of packed bed. Blue particles shows
coke [18] .
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Fig. 6 Schematic diagram of numerical simulation of
dripping behavior of droplet in packed bed
using mesh-free Lagrange method.
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Fig. 7 Calculation results of liquid trickle flow behavior in packed bed.
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Nomenclature

c, : specific heat capacity [kJ/kg - K]
F : force [N]
g : gravity [m/s’]
I : moment of inertia [kg m?]
k : spring coefficient [N/m]
I - Relative displacement increment [m]
m : mass [kal
N : number of particles [-]
p : pressure [Pa]
0 : quantity of heat [kd/s]
r : radius [m]
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S : generation rate [ka/s]
T : temperature [K]
t :time [s]
Y - velocity [m/s]
Greek letters

r : diffusion coefficient [m?/s]
& : void fraction []
7 : dashpot coefficient -1
A : Heat conductivity [W/m-K]
u : frictional coefficient -1
P : viscosity [Pa-s]
» : density [kg/m°]
v : mass fraction [-]
® : angular velocity [ /s]
Subscripts

c : contact

f : fluid

g : gas phase

i : particle index

n : normal direction

r : rotational

s : shear direction

P . particle
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